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EXECUTIVE SUMMARY

The Department of Energy has undertaken the Natural Gas
Delivery Reliability Program to ensure the integrity, operational
reliability, safety and security of the nation’s natural gas
infrastructure. The National Energy Technology Laboratory’s
Strategic Center for Natural Gas (SCNG) conducts research and
development workshops in order to enlist industry insights and
expertise for the planning and implementation of program
activities. Industry input to program planning is vital to
developing a program framework that provides critical public
benefits while meeting industry needs. These roadmapping
workshops serve to identify key areas of concern that can benefit
from federal R&D support. Continual communication with
industry and other stakeholders assures that the program is
progressing appropriately and if necessary, mid-course
corrections can be made.

At the beginning of fiscal year 2004, the Natural Gas Delivery
Reliability Program had a portfolio of 45 active projects with a
total program value exceeding $29 million. Review and
assessment of these projects was a primary goal of the roadmap
workshop held in Phoenix on February 8, 2004 — the third in a
series of collaborative workshops. This workshop was driven by
dynamic new developments over the past two years including
the war on terrorism, new regulations governing the integrity and
inspection of the nation’s gas pipeline system, and expectations
of expanded infrastructure to support increased demand and
foreign imports of liquefied natural gas. The participants,
working in 2 parallel groups, specifically addressed two key
qguestions.

+ What are the key trends and drivers that affect natural gas
infrastructure with a focus on the past 2 years?

+ What are the key R&D needs that affect the natural gas
infrastructure?

The first Natural Gas Delivery Reliability Program R&D roadmap
workshop was held in Houston in January 2000. This workshop
identified technology gaps and objectives for the infrastructure
reliability program. As a result of this initial effort, a portfolio of
thirty-one new projects was funded in fiscal year 2001. A second
workshop was held in January 2002. The primary focus of this
first update to the infrastructure roadmap was to address high-
priority issues surrounding the security and assurance of the
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nation’s natural gas
infrastructure following
the events of
9/11/2001. This
workshop generated
new priorities and
needs, which were the
focus of a second
solicitation in March
2002.

In the Phoenix
workshop, five major
areas were identified as
high-priority for R&D.

+ Cost-effective
construction
techniques for pipe
placement and
removal

+ Monitoring and
measuring gas

quality accurately and economically
+ Development of reliable multi-function compressor technology
+ Improved inspection tools for non-piggable mains
+ Security concerns and conducting vulnerability assessments

The first two—cost-effective new construction and gas quality—
deal with new issues not previously identified in the earlier
workshops. The third, compressors, contains new R&D
considerations as well as existing priority needs. The last two—
sensors and security—reemphasize priorities from previously

identified topics.

These workshop results are a critical input for program review
and evaluation efforts, helping to ensure that the program
remains responsive to industry needs and enhances the public
benefits of R&D for assured delivery reliability.

The future of the nation's natural gas delivery system depends
on vision, planning and determination. The SCNG will provide
the leadership to bring together government, industry, academia
and the nation's R&D community to provide the technological
foundation to ensure the integrity, operational reliability, safety
and security of the nation’s natural gas infrastructure.
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/+ Trenchless Technology For Pipeline R&R
« Gas Quality Disparity (e.g., LNG)

* Leak Detection/Visualization

« Compressor RAM

« LNG/Impact on Existing Infrastructure

« Increased Throughput of Existing
Pipelines

« Inspection Tools (Sensors & Robotics) for
Non-piggable Mains

« 3-D Subsurface Locating Techniques

* In-pipe Repair Technologies

« Materials Research for High-pressures
Lines

* Next Generation Compressors

* Vulnerability Assessment For Natural Gas
Systems

mdictive Pipe Failure Models

» Cost Effective New Construction.

» Gas Quality Measurement & Monitoring
* Next Generation Compressors

» Sensors and Inspection Tools

« Security

High-Priority R&D Needs

Group A
» Stress Corrosion Cracking

* Real-time Mapping — Integrated GPS/GIS

* Quantify Methane Emissions

» Accurate Pipe Location & Marking

* Gas Quality Measurement

* Inspection Tools for Non-piggable Mains

* Right-of-way Monitoring

* Leak Detection & Pinpointing (laser
technology for above ground lines)

* Next Generation Multi-function
Compressors

* Vulnerability Assessments for Natural
Gas Systems

4

Blue = new needs
Red = existing needs

The .
Strategic Center

o* Natural Gas

February 8, 2004



1.INTRODUCTION

The President of the United States, in his May
2001 National Energy Policy, highlighted the “. .. natural gas consumption
need to repair and expand our energy will rise rapidly, as electric
infrastructure as one of five energy challenges utilities make greater and
facing the United States. The Natural Gas greater use of this

Delivery Reliability Program is the Office of Fossil environmentally-friendly fuel.
Energy initiative that responds to the President’s We will need newer, cleaner
challenge. Implemented by the SCNG at the and safer pipes to move larger
Office of Fossil Energy’s National Energy quantities of natural gas— up to
Technology Laboratory, the program is working 38,000 new miles of pipe, and
to identify operational factors that influence 263,000 miles of distribution
reliability, with a focus on R&D that maintains lines.”

and enhances consistent reliability while George W. Bush
enabling the capability to meet future demand. R 01, ALY

A. BACKGROUND

Reliability of the natural gas transmission and distribution (T&D)
network across the United States is essential to ensure the
availability of clean, affordable energy to our homes, businesses
and industries. A number of factors, including an aging
infrastructure, increasing energy demand, increasing reliance on
gas-generated electricity, increasing dependence on imported
liquefied natural gas (LNG), utility deregulation and gas industry
restructuring, and increased security concerns stressed the
current infrastructure. Technology development is necessary to
ensure a continued high level of integrity and reliability and to
keep pace with increasing demand and the need for additions to
the present system. Significant market-driven reductions in
private sector R&D have contributed to concern over the existing
gas infrastructure across the United States. The Department of
Energy has undertaken the Natural Gas Delivery Reliability
Program to ensure the integrity, operational reliability, safety and
security of the nation’s natural gas infrastructure. Program
drivers are as follows.

+ The availability of clean energy as a prerequisite to United
States economic strength.

+ Natural gas accounting for one-fourth of the nation's energy
consumption.

+ Domestic natural gas offsetting increases in dependence on

petroleum imports.
" : L Strateglc Center
+ Market conditions causing a reduction in industry R&D. for Natural Gas
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+ The United States maintaining global leadership in natural gas
technology.

+ Natural gas as a partial solution to greenhouse gas emission
reductions.

Delivering natural gas from well to burner tip is an enormous
enterprise. The majority of the natural gas consumed in the
United States is produced at remote sites. It must then be
transported to consumers through more than 250,000 miles of
transmission pipelines with the help of bulk-storage reservoirs
and thousands of compressors. This gas is sold to marketers,
large commercial and industrial consumers, and distribution
companies for delivery to consumers over a network of more
than 1 million miles of local distribution pipelines. It is an aging
infrastructure overall, and the integrity of this
pipeline/storage/compressor system must be maintained and
enhanced. Advanced inspection, remote sensing, materials and
operational technologies for delivery systems must be developed
to meet the large projected increases in natural gas usage. All of
this must be accomplished safely and with minimal
environmental impact to assure an uninterrupted supply of
affordable clean energy.

The vast, mostly underground T&D system and the natural gas
powered compressors that provide the force to move the gas
have proven to be incredibly safe, reliable, and efficient. The
present system is working well supplying natural gas to over 175
million industrial, commercial, and residential customers. Several
emerging issues, however, indicate a clear need for federal
attention to guarantee the continued health of the natural gas
T&D network. The volume of gas moved through this system will
only increase because the yearly demand for natural gas is
projected to grow from 23 trillion cubic feet presently to over 31.4
trillion cubic feet by 2025 (more than a 35 percent increase)
according to the Energy Information Administration in its Annual
Energy Outlook 2004. Moreover, the traditional seasonal
consumption patterns are changing due to the increased use of
gas for electricity generation, and this increase will require
expansion of the existing infrastructure. The National Petroleum
Council, in its 1999 study, predicts that roughly 40,000 miles of
new gas transmission lines and almost 275,000 miles of
distribution mains will be needed by 2015. To further complicate
the future, there have been recent changes in the natural gas
market from deregulation and a rapid pace in mergers and
acquisitions. These changes put pressure on prices at the
consumer level and have forced T&D companies to focus on
short-term cost cutting at the expense of R&D, which will test the
system’s potential to serve expanding future markets. Another
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pressing change is the treat from

terrorism and the need for security and
surveillance. The vast gas network is
vulnerable to sabotage beyond our
current capabilities to monitor and police.

B. PROGRAM GOALS AND BENEFITS
The goal of the Natural Gas Delivery

Reliability Program is to develop

technologies that will maintain and

enhance the integrity, operational

reliability, safety and security of the
nation’s natural gas infrastructure.
Specific objectives are as follows.

+ Ensure integrity by developing

advanced technology to prevent
damage or service disruption by
quickly detecting and diagnosing

defects, leaks and failures.

+ Focus the program on public benefit
R&D that results in readily apparent

deliverability advantages for
consumers.

+ Maintain operational reliability by increasing pipeline capacity
and enhancing the flexibility and responsiveness of the
network to react to changes in long term demand.

+ Improve infrastructure efficiency using new analytical tools.

+ Protect the environment by fostering new technologies that
reduce or eliminate fugitive emissions, and minimize
environmental impacts resulting from construction activities.

+ Increase the efficiency of construction, operation and

maintenance practices.

+ Develop and demonstrate advanced security concepts that
enhance the nation's energy assurance.

Achieving these objectives will result in a viable technology
foundation than can provide broad public benefits for our nation’s
future natural gas transportation and delivery network. To
enhance technology development and operations improvements,
the SCNG will collaborate with the private sector in implementing
best practices and utilizing industry know-how. Appendix A
provides an overview presentation of the Natural Gas Delivery

Reliability Program

Roadmap Update Il — Natural Gas Infrastructure Reliability

MEETING PROGRAM GOALS WILL
PRoOVIDE BROAD PROGRAM BENEFITS

Potential program benefits include

the following:

+ Increased integrity, operational
reliability, safety and security of
the of the nation’s natural gas
infrastructure.

+ Provide industry with new
capabilities to meet the predicted
growth in demand.

+ Reduced greenhouse gas
emissions resulting from pipeline
and equipment leakage.

+ Minimize environmental impact by
providing new tools for
construction and rehabilitation.

+ Enhanced U. S. economic
competitiveness, technology
leadership and energy security.

Strateglc Center
for Natural Gas
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2.ROADMAP UPDATE Il: CONSOLIDATED

RESULTS

Since the first roadmap update of January 2002, many new
developments have occurred including our nation’s war on
terrorism. Input was needed to ensure that the roadmap and the
portfolio of projects are adequately representing the needs of the
industry and are positioned to best use the government’s role for
public interest. Participant input from this workshop will be used
to assure the best opportunities for program support are
identified and pursued, thus enhancing the public benefits of
R&D innovation for assured deliverability.

In a continuing effort to update and reassess the program’s
portfolio of projects, forty experts from industry and government
attended the roadmap update workshop to provide technology-
focused insights regarding current issues facing the natural gas
infrastructure. The workshop examined both near-term and long-
term technology needs and provided valuable feedback on the
existing infrastructure roadmap priorities and the portfolio of
projects supported by NETL. Appendix B provides a listing of
workshop participants.

The participants, working in 2 parallel groups, specifically
addressed two key questions:

+ What are the key trends and drivers that affect natural gas
infrastructure with a focus on the past 2 years?

+ What are the key R&D needs that affect the natural gas
infrastructure?

This section provides the consolidated results of the two work
groups. The detailed results of the two groups are presented in
Section 3.

A. KEY TRENDS AND DRIVERS

The key trends and drivers identified by the participants included
general topics such as market and pricing variability, regulatory
compliance and environmental issues, security and risk
management protection, increased pipeline capacity and
efficiency, and cost efficiency. Specific topics covered a very
broad range, from near-term issues such as integrity
management and inspection in an aging infrastructure to longer-
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term issues such
as transition to a
hydrogen
economy.
Common trends
and drivers
identified are
shown in

Figure 1.

B. R&D
PRIORITIES AND
OPPORTUNITIES

Participates both
reviewed the
results of earlier
workshops and
generated new
ideas. Each
group voted on
the new needs
that were
generated, as
well as on the
existing needs
that had already

Figure 1. Trends and Drivers Affecting the Natural Gas
Infrastructure

& -

—

Operations

Policy &
Regulations

—)

R&D Funding

Price variability/instability
Supply/demand bottlenecks
Shifting supply sources
Demand increase

Stranded gas

LNG imports

Integrity management & inspection
Stress corrosion cracking control
High-pressure pipelines systems
Security and risk management
Emergency response
Construction, difficult & costly

+ Gas quality

Pipeline Safety Act

Cross border regulations/standards
Homeland Security

Pipeline emissions
Siting/permitting (NIMBY)
Hydrogen Economy

Insufficient industry funding
Funding gap

Need for more commercialization
Changing infrastructure players and
interests

been identified. The intent for the latter voting was to assess the
baseline of what are currently considered top priorities.

In general, industry still considers important those R&D needs
identified as high priority during previous workshops. The relative
importance on security issues seen in earlier workshops was
less evident at this workshop. This is likely due to two factors.
First, many of the earlier needs were derived from the first
roadmap update workshop, which had as its principal focus
infrastructure security and assurance. Further, this workshop
occurred shortly after 9/11. Second, considerable public- and
private-sector attention has been given to security and
assurance over the past several years. Of somewhat greater
importance at this workshop were leak detection and inspection
technologies. The emphasis in these areas can be attributed to
recent regulatory changes requiring greater gas pipeline integrity
management and inspection in high-consequence areas.
Improvements in compressor efficiency and performance also
were of higher importance compared to past workshops. A
primary driver for this is the desire to increase throughput
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through
existing
pipeline

infrastructure

in order to
defer new
construction,
which is
costly and
requires
significant
lead time.

Figure 2
summarizes
the high-
priority
needs—
existing and
new—
identified by
each group
as well as
the
crosscutting
needs
identified by
both groups.

The common high-priority R&D needs fall into five general areas
discussed below. The first two—cost-effective new construction
and gas quality—deal with new issues not previously identified in
the earlier roadmapping efforts. The third, compressors, contains
new R&D considerations as well as existing priority needs. The
last two—sensors and security—reemphasize priorities from

Figure 2. High-Priority R&D Needs

Group A

Stress Corrosion Cracking
Real-time Mapping - Integrated GPS/GIS
Quantify Methane Emissions

Accurate Pipe Location & Marking

Gas Quality Measurement

Inspection Tools for Non-piggable Mains
Right-of-way Monitoring

Leak Detection & Pinpointing (laser
technology for above ground lines)
Next Generation Multi-function
Compressors

Vulnerability Assessments for Natural
Gas Systems

Security

Cost Effective New Construction.

Gas Quality Measurement & Monitoring
Next Generation Compressors
Sensors and Inspection Tools

Group B

Trenchless Technology For Pipeline R&R

Gas Quality Disparity (e.g., LNG)

Leak Detection/Visualization

Compressor RAM

LNG/Impact on Existing Infrastructure

Increased Throughput of Existing

Pipelines

» Inspection Tools (Sensors & Robotics) for
Non-piggable Mains

» 3-D Subsurface Locating Techniques

* In-pipe Repair Technologies

* Materials Research for High-pressures
Lines

* Next Generation Compressors

* Vulnerability Assessment For Natural Gas
Systems

* Predictive Pipe Failure Models

Blue font = new needs
Red font = existing needs

previously identified topics.

+ Cost Effective New Construction — Industry requires cost
effective ways to get pipe in the ground expeditiously. A major
objective must be cost reduction of all aspects such as the
replacement and rehabilitation of aging plastic systems with
trench-less method, high pressure pipe, or even just locating
and marking pipe. In addition, it would be useful to promote
some sort of regulatory compliance streamlining or facilitation.
Although the latter is outside the realm of the SCNG, it

nevertheless is vital for construction.

+ Gas Quality — Monitoring and measuring gas quality (BTU
content) accurately and economically is essential for fuel
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management and could increase pipeline capacity by 10-15
percent. Delivering gas that meets various end-use
performance requirements will require good business
management, especially given the disparity of domestic and
foreign sources. LNG imports will compound this problem due
to typically higher BTU content. Gas quality also impacts
piping machinery integrity.

+ Compressors — There is an ongoing priority to improve
compressors and develop a next generation of advanced
multi-function compressor technology. Compressor reliability,
availability and maintainability (RAM) improvements are
critical for pipeline system responsiveness and for increasing
throughput of the existing infrastructure. Moreover, emission
control aspects will be essential to meeting environmental
constraints.

+ Sensors — Improved sensor technology is needed for both
internal and external inspection of T&D systems. The inability
to access non-piggable mains prohibits the use of
conventional assessment tools. A key R&D need is to
develop a sensor that will inspect without actual penetration.
In addition, there is a priority need for advanced robotic
platforms for deploying advanced sensors in non-piggable
transmission mains. Sensor systems capable of real-time
monitoring and inspection are needed. Ideally, such systems
will perform multi-attribute inspection (e.g., leak detection and
integrity inspection for corrosion cracking) and be integrated
with GPS/GIS capabilities for pinpointing and mapping of
problem areas. These systems are essential for cost-effective
inspection as well as pipeline security and early warning
response initiatives. Remote systems that can preclude costly
excavation and potential pipeline damage are desired.

+ Security — Conducting a vulnerability assessment for the
natural gas systems remains a high priority for understanding
and initiating a coordinated response to identified needs.
Identifying and assessing potential threats and how to
respond are critical for maintaining operational efficiency.

The .
Strategic Center

forNarural Gas
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3.RoADMAP UPDATE II: WORK-GROUP

DETAILED RESULTS

In order to enable full participation and

ORGANIZATION

LANL

in-depth input from all workshop Group A Participants
attendees, participants were divided into

two groups. Both groups addressed the NAME

same issues and generated parallel DIEke 2]

Rick Blake

Bruce Campbell
Sam Clowney

Dan Driscoll
Christopher Freitas
Mike Hightower
Winston Johnson

Karl L
With this information setting the stage, Mzrrti fnr;?ek*

both groups then addressed the question | . vieritt

product sets. The groups first addressed
what key trends and drivers are affecting
the natural gas infrastructure, with
particular emphasis on changes in the
two years since the January 2002
Roadmap Update |I.

Lawrence Livermore Lab.
GTI

El Paso Pipeline Group
US DOE-NETL

US DOE- FE

SNL

El Paso Pipeline Group
SAIC

Southwest Gas

DOT

Heath Consultants, Inc.
Ariel Corporation

Battelle

City of Mesa

Enbridge Gas Distribution
Clean Energy Systems

of what the R&D needs are that can Graham Midgley
provide solution paths for these program John Mowery
drivers. Using the identified needs from res NeslEml
the two prior workshops (Natural Gas Gerald Paulus
Infrastructure Roadmap, 2002 and Patricia Squires
Roadmap Update I, January 2002) as a Vic Viteri
starting point, the groups identified new * Report out person

needs that respond to the changes of the
past two years. To develop a consensus

FACILITATOR: JACK EISENHAUER, ENERGETICS, INC.

on high-priority R&D needs, both groups

voted on two priority sets, one for previously identified needs and
one for new needs. The following sections highlight these two
priority sets and provide the complete, detailed work-group
products.

A. GRour A PRODUCTS
New Needs

Participants prioritized new research needs using 3 votes apiece.
There was one new top vote getter with 5 votes, two new needs
got 3 votes each, and an additional six new needs got 2 votes
each.

+ Corrosion stress cracking — we don’t know what we don’t
know (5 votes)

+ 3" Party — Integrated GPS with GIS for real time mapping
(3 votes)

Roadmap Update Il — Natural Gas Infrastructure Reliability 10

Th .
Strategic Center
o* Natural Gas

February 8, 2004




+ Leak Detection — Quantify methane emissions (3 votes)
+ General — Accurate pipe location (2 votes)

+ 3" Party — Cost effective pipe feature for locating and marking
(2 votes)

+ Smart Pipe — Cost effective high pressure pipe (2 votes)
+ Compressors — Research to improve reliability and efficiency

+ Fuel Measurement — Monitor & measure gas quality
economically (2 votes)

+ Other — Financial recovery efficiency & reliability projects (2 votes)

Previous Needs

Categories of previous needs are automation technologies,
sensors, robotic inspection systems, 3" party damage, leak
detection, underground imaging, repair technologies and tools,
smart pipe technology, pipe liners, compressors, modeling,
corrosion, and other. Participants prioritized existing research
needs using 4 votes apiece for individual topics under these
categories. There was one top vote getter with 5 votes, two
needs got 4 votes each, and an additional four needs each
received 3 priority votes.

+ Sensors — Inspection tools for non-piggable mains (5 votes)
+ 3" Party — Right of way monitoring (4 votes)

+ Leak Detection — Cost effective leak detection and pinpointing
(4 votes)

+ Leak Detection — Develop laser technology for above ground
lines (3 votes)

+ Compressors — Improve compressors and next generation
(3 votes)

+ Compressors — Advanced multi-function compressor
technology (3 votes)

+ Other — Conduct vulnerability assessment for natural gas
systems (3 votes)

Table 1 presents the complete set of the issues and drivers that
were identified. Table 2 presents the complete set of R&D needs
that were identified and prioritized.

The .
Strategic Center

forNarural Gas
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GROUP A

TABLE 1 - WHAT ARE THE KEY TRENDS AND DRIVERS THAT AFFECT NATURAL GAS INFRASTRUCTURE?

MARKET AND
PRICES

OPERATIONAL AND
BUSINESS NEEDS

TECHNOLOGY

REGULATIONS, CODES,
ENVIRONMENTAL ISSUES

INDUSTRY
STRUCTURE

Natural gas price
transparency suspect

Price/demand
variability/instability

New federal regulations
on coal plants and
increased demand for

Integrity Management

Data integration/
communication

High pressure distribution pipe

Sensor technology for
compressor equipment

® Advanced reciprocating
compressor technology (Gas
Machinery Research
Council) efficiency/reliability

® Cheaper distributed
compressors and sensors
(radio frequency

Air quality issues associates
with natural gas combustion

More government
regulations to meet

Sustainability buss

New infrastructure for
stranded gas reserves,

= Technology funding
constraints (utility)

= Deterioration of knowledge
base

= Incentive regulations/
performance based rates
and productivity

identification) ; ; improvements
natural gas and gas ® Pipeline integrity — new tools environmental/ecological
plants issues
" New pipeline construction Demand for electricity
Bottlelneckg getwee dn difficult — up rate continues to increase and
supply and deman )
centers ® Stress corrosion cracking natural gas fills role for peak
Market orofile o issues power
arket profile changes i i
® Trend to higher pressure Qg:,ct]lﬁ;e: Vz?t%url,'aet\ll\? ns that
Sources of r)atural gas pipelines materials technologies
supply shifting from . . 9
SW/SE U.S.to NW U.S. | " Increasing understanding of No incentives for increased
& Canada need for risk management fuel efficiency
- Plastic
- Steel
® Inspection for all defect types.
B31.85
® System monitoring and control
issue
" Development of natural gas
storage both non-traditional
underground and safety of
above ground
" Include need for compression
flexibility
® Machinery life extension
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GROUP A

TABLE 1 - WHAT ARE THE KEY TRENDS AND DRIVERS THAT AFFECT NATURAL GAS INFRASTRUCTURE? (CONTINUED)

GAs
QUALITY

SECURITY AND RISK
MANAGEMENT PROTECTION

PuBLIC
PoOLICIES

" LNG gas quality
® Gas quality (BTU values)

" LNG imports and safety, security,
reliability

® Public education vs. NIMBY
- Construction
- LNG
" President’s reference to the hydrogen
economy

® Cross-border issues (Regulatory
standards)

® More emphasis needed on
commercialization

Roadmap Update Il — Natural Gas Infrastructure Reliability
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GROUP A

TABLE 2 — KEY R&D NEeDs THAT AFFECT NATURAL GAS INFRASTRUCTURE

INSPECTION TECHNOLOGIES

REMOTE SENSING

v' = DOE project(s) exists
that address this need
0 = No DOE project

exists for

Green Dots = priority vote for existing needs

Red Triangles = priority vote for new needs

Roadmap Update Il — Natural Gas Infrastructure Reliability
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Bold

RoBOTIC 3% PARTY
AUTOMATION INSPECTION DAMAGE LEAK UNDERGROUND
TECHNOLOGIES SENSORS SYSTEM GENERAL PREVENTION DETECTION IMAGING
v' Improved |v' Develop v’ Advanced O General v System of sensors and v’ Laser optical Underground inspection
system for multifunc- robotic inspection communication devices to methane and technology to aid
data tional technology method to detect when someone is ethane construction and repair
acquisition sensors, for non- objectively set near detectors 3-D subsurface facilit
v residual life, piggable re-inspection . w/speed and . : y
Develop d t int Is A O Develop warning systems locating techniques
low- cost amage, rans- Intervals on excavation equipment accuracy . .
mapping mission . Develop better imaging for
standard mains O Inspection for v ; locating underground pipes
communi- |/ In-line pipeline v Right-of-way monitoring Cost-effective -
cation inspection wellness for leak detection More sophisticated
equipment tool new pipelines. ) anq pin- underground directional
(plug & Y . Help NIMBY v Develop suite of cost- pointing drilling technology
play) Inspection problem A effective surveillance _ .
tools for non- techniques P Sensors to guide boring
piggable O Accurate pipe ) Develop laser tools to detect other facilities
mains location and v Develop smart pipe technology to _
description of technology w/wireless detect leaks Locatable plastic (non-
effects (stress remote sensing devices in above metallic) pipe (imbedded
v Develop : ground lines material tag)
magnetic flux corrosion O Integrated GPS with GIS, _ _ _
leakage tools cracking) 4 4 for real time mapping _ Boring equipment with real-
for better pit that is immediate and v' Quantify time damage detection
geometry accurate A 4 4 me?ha_ne Harmonic drill, directional
emissions .
O Cost effective pipe AAA boring, Fools that use
O Small feature locating & harmonic resonance to
internal marking radio frequency drill through soil but not
inspection identification A A through pipe
tools (2" O Emergency
A
maws) response abatement A
Bullets Voting Type

Regular = Natural Gas Infrastructure Roadmap, June 2000
Italic

= Roadmap Update I, January 2002

= Roadmap Update Il, February 2004
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GROUP A

TABLE 2 — KEY R&D NEEDS THAT AFFECT NATURAL GAS INFRASTRUCTURE (CONTINUED)

MATERIALS DEVELOPMENT

OPERATIONAL TECHNOLOGIES

REPAIR
TECHNOLOGY SMART PIPE PIPE FUEL
AND TooLs TECHNOLOGY LINERS COMPRESSORS MODELING CORROSION MEASUREMENT
v Robotics v Smart pipes that Lining technology to Improve compressors and Develop predictive pipe Stress corrosion Monitoring and
repair of are self-healing upgrade low pressure next generation failure models cracking; we don’t measuring gas
internal and self- lines to higher compressors Develop inf . know what we don’t quality
corrosion monitoring pressure L evelop information know economically
Lower cost emission control exchange protocols AAAAA AA
v' Lower the O High pressure Development of compressor engines F i p
cost of in- plastic pipe smart, multifunctional ) ) ; orecasting sy stemCo Corrosion — Low cost energy
the-pipe materials pipeline coating Modeling algorithms for ggnera%qn and LD internal/external and measurement
repair Develop high compressor station ispatching ways to avoid technology to
technologies | © ;‘;23& 9 components Cross company Above around accurately measure
using new (F:)omposite pipe Advanced multi-function pipeline modeling to corrosign BTU — this could
design compressor determine - Risers Increase P'Pe":‘e
O Materials technology interconnect - MSA capacity 10-15% 4
optimization: opportunities to :
nZVIv cIcZJmI osites O Improved sensors for inF::':easue :::I;\ acity A Gas qu_allty
corrosionp ’ compressor machinery 4 pacty inah/s's
: : Data integration
resistant, high O Research to improve technology A
pressure, low compressor reliability &
cost efficiency 4 A Develop non-
; arametric statistical
Y Take sensing to O Lower emission comp. foolsltechniques to
level of “skin” for equipment without after monitor real time
m_tellll_gent treatment A compressor
pipelines
. O More flexibility comp. performance and
v' Materials equipment degradation
research for high
pressure lines O Advanced engine designs
. to burn new species fuel
O Cost effective (partially oxidized to
higher pressure reduce environmental
distribution pipe protection)
AA
Bullets Voting Type

v' = DOE project(s) exists

that address this need

O = No DOE project exists

for this need

Green Dots = priority vote for existing needs

Red Triangles

Roadmap Update Il — Natural Gas Infrastructure Reliability
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GRrRouP A
TABLE 2 - KEY R&D NEEDS THAT AFFECT NATURAL GAS INFRASTRUCTURE (CONTINUED)

OTHER NEW AREAS
TECHNOLOGY
SECURITY IMPLEMENTATION/
OTHER SURETY ACCELERATION
0O Study how to improve permitting process | v Secure SCADA O Process for code changes for new
O More realistic economic model for v Conduct vulnerability technologies quickly and rationally
analyzing construction benefit and risk zs:;s;:r:ent for natural gas 0 How do we move research projects to
v Develop novel on-site storage y commercialization more rapidly
technology v National emergency warning
system O Academic programs to train people for NG

v Develop improved storage facilities industry or funding research A

v Nationwide energy control

system to be activated in an

O Financial recovery — efficiency and O Miniature — Nano-technology for internal

reliability projects A A emergency pipe inspection — what’s available
O Cumulative effects on row
O Distributed storage — residential,
commercial point of use storage A
O Pipeline construction technology that
responds to environmental concerns
(footprint) A
Bullets Voting Type
v' = DOE project(s) exists Green Dots = priority vote for existing needs Regular = Natural Gas Infrastructure Roadmap, June 2000
that address this need Red Triangles = priority vote for new needs ltalic = Roadmap Update I, January 2002
O = No DOE project exists Bold = Roadmap Update Il, February 2004

for this need
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B. GRoOuUP B PRODUCTS
New Needs

There were several crosscutting issues
in the group. Funding or the future lack
thereof was of importance, with several
participants outspoken on the issue,
desiring commitment from DOE for a
long-term solution to pending R&D
funding halts. Another pervasive need
is the general idea of developing
quicker and cheaper pipeline
installation techniques, although this is
not considered by DOE to fall within the
program mission.

Categories of new needs included
security surety, gas quality,
construction, major objectives, and
R&D funding. The latter two are
general crosscutting categories rather
than specific topics for prioritization.
Participants prioritized the new
research needs using 3 votes apiece.

There was one top vote getter with 9 votes, two needs got
5 votes each, and another 5 needs got 4 votes each.

+ Construction - Need cost effective ways to get pipe in ground

and timely (9 votes)

+ Construction- Cost effective R&R of aging plastic pipe w/

trenchless (5 votes)

+ Gas Quality - Disparity of gas quality domestic and foreign

(5 votes)

+ Leak Detection - Visualization (4 votes)
+ Compressors - Increase efficiency and economics of

compressors (4 votes)

+ Compressors - Improve RAM of compressors (4 votes)
+ Other - LNG infrastructure & impact on existing pipelines

(4 votes)

+ Other - More throughput with existing pipelines T&D (4 votes)

Roadmap Update Il — Natural Gas Infrastructure Reliability

Group B Participants

NAME ORGANIZATION
Rodney Anderson US DOE-NETL
Rick Baker US DOE-NETL
Robert Bass Southwest Research Inst.
Paul Brooks Pacific Gas & Electric
Jeff Colwell Battelle
Gene Crawford Memphis Light Gas & Water
John DeVenz Enbridge Gas Distribution
Glyn Hazelden* GTI
Frank McRae City of Mesa
Jeff Moore Dresser-Rand Company
George Ragula Public Service Elec. & Gas
Eric Thomas Southern Natural Gas Co.
Robert Torbin Foster-Miller, Inc.
George Vradis Northeast Gas Association
Jay Willer GTI
Ted Williams AGA
Jeff Wright FERC

* Report out person

FACILITATOR: KEVIN MOORE, ENERGETICS, INC.

The .
Strategic Center

forNarural Gas
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Previous Needs

Categories of previous needs are automation technologies,
sensors, robotic inspection systems, 3™ party damage, leak
detection, underground imaging, repair technologies and tools,
smart pipe technology, pipe liners, compressors, modeling,
corrosion, and other. The security category was amended to
add surety and therefore considered a new category.
Participants prioritized old existing research needs using 4 votes.
There was one top vote getter with 7 votes and an additional 6
needs that each received 4 votes:

+ Sensors - Inspection tools for non-piggable mains (7 votes)

+ Robotic - Advanced robotic technology for non-piggable
transmission mains (4 votes)

+ Underground - 3-D subsurface facility locating techniques
(4 votes)

+ Repair - Lower the cost on in-the-pipe repair technologies
(4 votes)

+ Smart Pipe - Materials research for high-pressures lines
(4 votes)

+ Compressors - Improve compressors and next generation
(4 votes)

+ Security - Conduct vulnerability assessment for natural gas
(4 votes)

Table 3 presents the complete set of issues that were identified.
Table 4 presents the complete set of R&D needs that were
identified and prioritized.

Strateglc Center
forNatural Gas
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GRoOuP B

TABLE 3 - WHAT ARE THE KEY TRENDS THAT ARE AFFECT NATURAL GAS INFRASTRUCTURE?

R&D FUNDING

CosT EFFICIENCY

REGULATORY
COMPLIANCE &
INTEGRITY

INCREASED PIPELINE
CAPACITY
AND EFFICIENCY

PIPELINE
SECURITY
SURETY

COMPRESSION
TECHNOLOGY
RELIABILITY,
MAINTAINABILITY

Insufficient
Industry R&D
funds to make-up
for GTI FERC
Funding ending
in 2004

Funding R&D
GAP

Changing players
in infrastructure
R&D funding and
organizational
interests

Looking for labor
saving technologies
where money is spent
especially surveying

Cost effective
technologies

Cost effective
replacement and
rehabilitation of aging
plastic pipe
distribution systems
utilizing trench-less
methods

Growing application of
data interwire integrity
techniques and need
for analysis and
validation like MFL
data

Alternative high
pressure pipe
materials
- lower cost installation
& O&M
- i.e., composite
plastic

Guided boring
technologies like
keyhole

Pipeline Safety
Act 2003 -
Inspections in
high consequence
area

Detection,
characterization
and response to
threats to pipeline
integrity caused
by Office of
Pipeline Safety
integrity rule

Regulations on
integrity
management
presenting
significant costs
of compliance

Office of Pipeline
Safety rule on
pipeline integrity

Advances
sensors

Perception/projection for
32 TCF demand. Not
enough capacity in current
pipeline

Need cheaper and quicker
pipe in ground

Increased gas demand and

power generation

- Increase efficiency and
throughput of existing
pipelines

Need for spare pipeline
capacity — variable rated
compression

More throughput with
existing pipelines

30 TCF moved out in time
2015 - 2020

How do we capture more
gas supply with new
technology from old and
new sources

Rapid response/ recovery for
terrorist or natural disasters =
delivery surety

Establishment of Department
of Homeland Security gas
infrastructure security

Utility infrastructure security is

becoming an issue since 9-11
(hacking into SCADA)

Emergency response
- system shut-down

- damaged

- not damaged

= Replacement of
aging
compressors
(many 30+ years
old), no
replacement
parts

= More efficient
and less emitting
compression
drivers

Roadmap Update Il — Natural Gas Infrastructure Reliability
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GRoOuP B
TABLE 3 - WHAT ARE THE KEY TRENDS THAT ARE AFFECT NATURAL GAS INFRASTRUCTURE? (CONTINUED)

CATHODIC LEAK SURVEY FACILITIES
GAs QUALITY HYDROGEN PROTECTION SYSTEMS LOCATORS LNG
= Disparity of gas quality and | = Conversion to = Advanced CP data | = Advanced gasleak | = Underground imaging | = Increased use of
conflict with pipeline hydrogen based management survey systems of buried structures LNG in future
standards How to energy system concepts to extend - laser, high reliability « Proper infrastructure
reconcile e.g., LNG - natural gas life of steel visualization, - Underground P
S, ; : : p » to handle LNG
condensable liquids conversion infrastructure. aerial X-ray imports
interchange- ability of gas and o P
. » Underground facility
infrastructure .
location of non-gas
and electric facilities
Roadmap Update Il — Natural Gas Infrastructure Reliability 20
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TABLE 4 - KEY R&D NEEDS THAT AFFECT NATURAL GAS INFRASTRUCTURE

GRoOuP B

v' = DOE project (s) exists
that address this need

0 = No DOE project exists
for this need

Voting

Green Dots = priority vote for existing needs
Red Triangles = priority vote for new needs Italic

INSPECTION TECHNOLOGIES REMOTE SENSING
RoBoTIC 3% PARTY
AUTOMATION INSPECTION DAMAGE LEAK UNDERGROUND
TECHNOLOGIES SENSORS SYSTEMS PREVENTION DETECTION IMAGING
v" Improved Develop v' Advanced robotic System of sensors and v’ Laser optical v Underground inspection
system for multifunction technology for non- communication devices to methane and technology to aid
data al sensor, piggable transmission detect when someone is near ethane detectors construction and repair
acquisition residual life, mains @ ® @ @ oo w/speed and v 3-D subsurface facility
v Develop low damage, Develop warning systems on accuracy e e locating techniques
cost standard mapping @ @ excavation equipment ® @ v Cost-effective leak eoeoe
communica- In-line Right-of-way monitoring detection and v Develop better imaging for
tion inspection Develop suite of cost- pinpointing locating underground
equipment tool effective surveillance ° pipes
(plug & play) Inspection techniques v tDe;elolp Iaster ee
tools for non- . ecnnology to v More sophisticated
piggable Develop smart pipe detect leaks in underground directional
2 technology with wireless above ground drillina technol °
rza/.ns. coe remote sensing devices @ lines rifling technology
e . o v’ Sensors to guide boring
O Visualization tools to detect other
Develoi? 0 AdAa facilites ® @
fmagnetic Tiux v’ Locatable plastic (non-
leakage tools tallic) oi imbedded
for better pit meta _Icl)tplpe (imbedde
geometry material tag)

v’ Boring equipment with
real-time damage
detection

Bullets

Type

Regular = Natural Gas Infrastructure Roadmap, June 2000
= Roadmap Update I, January 2002

Bold = Roadmap Update Il, February 2004

Roadmap Update Il — Natural Gas Infrastructure Reliability

21 February 8, 2004



GRoOuP B
TABLE 4 - KEY R&D NEEDS THAT AFFECT NATURAL GAS INFRASTRUCTURE (CONTINUED)

MATERIALS DEVELOPMENTS

OPERATIONAL TECHNOLOGIES

REPAIR TECHNOLOGIES SMART PIPE PIPE
AND TOOLS TECHNOLOGY LINERS COMPRESSORS MODELING CORROSION
v" Robotics repair of Smart pipes that | v*  Lining technology Improve compressors and v Develop O Advanced CP

internal corrosion

are self-healing

to upgrade low

next generation

predictive pipe

cathodic protection

v Lower the cost of in-the- and self- pressure lines to compressors © @ © © failure models technologies 4

pipe repair technologies monitoring higher pressure Lower cost emission cee

using new design High pressure O Development of control compressor 4 Develop

ceee plastic pipe smart, engines information
materials ® multifunctiongl Modeling algorithms for eXCthansl]e
Develop high pipeline coating compressor station protoco s'
pressure components v’ Forecasting
composite pipe Advanced multi-function system tf)f J
Materials compressor technology ic_’eD”CeZ". fon an
optimization: new oo atchirlvs_ oo
composites, Increase efficiency and P g
corrosion therefore economies O Data
resistant, high AAAA |ntegra_t|on &
prossure, low Improve RAM reliability, ;":;fe't?é P
cos availability, loakage
Take sensing to maintainability A A A A 9
l.eﬁ;.o" ‘jkm for Variable rated
intelhigen compression
pipelines ity A
Materials - Spare capacity
research for high
pressure lines
eeo0o

Bullets

v' = DOE project (s) exists
that address this need

O = No DOE project exists
for this need

Voting

Green Dots = priority vote for existing needs
Red Triangles = priority vote for new needs

Type

Italic
Bold

Regular = Natural Gas Infrastructure Roadmap, June 2000
= Roadmap Update I, January 2002
= Roadmap Update II, February 2004
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GRoOuP B

TABLE 4 - KEY R&D NEEDS THAT AFFECT NATURAL GAS INFRASTRUCTURE (CONTINUED)

OTHER NEwW AREAS
SECURITY GAs Major R&D
OTHER SURETY QUALITY CONSTRUCTION Objectives* Funding*
O Study how to improve Secure SCADA Disparity of O Need cost = Improved = Amount and dependability limits
permitting process systems o @ gas quality effective ways deliverability, long-range planning
O More realistic economic Conduct domestic and to get pipe in security, = Future funding sources
model for analyzing vulnerability foreign ground and operational
construction benefit and assessment for conflict with tl"lelyA AAA efficiency
risk ® natural gas p;pe:;ned . - reduced costs
-si systems standaras - .
v Develop novel on-site Xo s how reconcile O Guided borin regulqtory
storage technology AAAAA 9 compliance
i National technology A
v Develop improved End .
i, emergency nd-use O Cost effective
storage facilities ® : rf
. warning system performance replacement
O Hydr'ogen |_nfrastrtfcture Nationwide Piping and and
for dispersion, delivery P el
. energy control machinery rehabilitation
and combustion and 9y : : :
system to be integrity of aging
standards A 4 N
. activated in an performance plastic pipe
7 mpachon xicting " | ememeny | 0 Eneroycontent | Seieme wit
rench-less
pipelines AAA A Response measure method
. recovery AAAAA
O More throughput with phase A
existing pipelines
T&DAAA A
* non-voting needs
Bullets Voting Type
v' = DOE project (s) exists Green Dots = priority vote for existing needs Regular = Natural Gas Infrastructure Roadmap, June 2000
that address this need Red Triangles = priority vote for new needs Iltalic = Roadmap Update I, January 2002
O = No DOE project exists Bold = Roadmap Update Il, February 2004
for this need
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4 .EVOLUTION OF THE PROGRAM
PORTFOLIO

The DOE National Energy Technology

Laboratory’s Strategic Center for Natural Gas Industry input to

conducts roadmap workshops in order to enlist
industry insights and expertise for the planning
and implementation of program activities. Industry

program planning is
vital to developing a

input to program planning is vital to developing a program framework that
program framework that provides critical public provides critical public
benefits while meeting industry needs. These benefits while meeting

roadmapping workshops serve to identify key
areas of concern that can benefit from federal
R&D support. Continual communication with
industry and other stakeholders assures that the
program is progressing appropriately and if necessary, mid-
course corrections can be made.

Natural gas is an environmentally friendly energy source. It is the
least carbon-intensive fossil fuel and it represents low capital
cost for power plants that use it as fuel for electricity generation.
Many electric utilities affected by the Clean Air Act are planning
to replace high-sulfur coal with natural gas to meet air emission
standards. But natural gas must still be found, produced and
transported, and there are many environmental challenges in the
production, delivery and end use of the resource. Land access,
pipeline construction and air emissions are issues being
addressed to ensure our nation's demand for natural gas is
satisfied in an environmentally friendly manner.

This program is based on extensive dialogue with industry
through workshops and other collaborative mechanisms. The
evolution of the program’s R&D portfolio has been predicated on
stakeholder input, and significant groups have repeatedly
attended workshops to provide this input. Industry stakeholders
include major pipelines and transmission companies such as, but
not limited to, Columbia, City of Mesa, Dominion, Duke, El
Pasco, Enbridge, Equitable, KeySpan, NiSource, Pacific Gas &
Electric, Public Service Electric & Gas, Southern, Southwest,

and Williams. Collaborations are ongoing with the Department of
Transportation, state governments, industry and academia,
including the formation of consortiums. SCNG also interacts with
important stakeholder organizations, such as the American Gas
Association, the American Public Gas Association, the Gas

Roadmap Update Il — Natural Gas Infrastructure Reliability 24
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Technology Institute, the Interstate Natural Gas
Association of America, and the Pipeline
Research CounCiI. Natural Gas Infrastructure Reliability

A. BASELINE ROADMAP

Pathways for Enhanced
Integrity, Reliability and
Deliverability

Given the presidential challenge for new
technology options, SCNG recognized the need
for stakeholder input to address gaps and new
objectives for the delivery reliability program. In —
mid-2000, NETL held two industry workshops

to gather input for an infrastructure roadmap. il

An initial vision brainstorming session with o

industry executives was held in Houston in

January 2000, followed by a roadmapping N=TL
workshop for technical managers held in

St. Louis in June. A combined report was Siraegc Cori T
produced as shown and is available in archives
on the SCNG website at
www.netl.doe.gov/scng/index.html

The core issues addressed by these first workshops included the
following.

+ Third-Party Damage to Pipelines — The primary cause of
pipeline accidents is caused by outside forces. Is there a
means to warn third parties they are about to damage a
pipeline? How can real time detection of facility intrusion be
accomplished?

+ Pipeline Integrity Assessment — How can physical system
integrity be monitored in some way? Can remote sensing play
a part? Could the data gathered here be a tool to increase
service life and/or to extend operating conditions?

+ Detecting Leaks — How can pipeline leaks be detected and
repaired rapidly? Can "smart pipes" provide early leak
detection and aid in their own repair?

+ Technology to Assist Boring — Can we bring improved
technology such as robotics or "guided" boring to improve
pipeline installation? Can we prevent "guided" boring
equipment from colliding with underground facilities?

+ The Location of Underground Facilities — How do we provide
three-dimensional imaging of buried facilities?

+ New Compressor Technology — These workhorses have
remained much the same for years. Can we increase their

efficiency, reduce emissions and increase operational S{éﬁegic Center
flexibility? What is the next generation compressor? for Natural Gas
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+ Increase Throughput of the Present System
— How do we increase the capacity of our

existing pipelines?

+ Environmental impact of pipelines — How can
we build and maintain our infrastructure with
minimal ecological impact?

+ Energy Assurance - How can we protect our
energy infrastructure?

Based on this framework, the program selected a

portfolio of projects through competitive B A8

solicitations to support the first roadmap

implementation. In 2001, the Secretary of Energy

announced the first-ever Department of Energy

projects on natural gas infrastructure research to

develop new and advanced technologies. Thirty-

one projects were selected for funding in fiscal @-

Roadmap Update for
Natural Gas Infrastructure Reliability

Workshop Proceedings

January 29-30, 2002

U.5. Department of Energy T
Office of Fossil Energy LA
National Enargy Technology Laboratory g

year 2001 from three procurement actions: a
targeted solicitation for gas infrastructure, a
broad-based financial assistance (BBFA)
solicitation, and a National Laboratory call for proposals. Eight of
DOE's national laboratories are actively participating with private
industry in developing these new technologies. Included in the
array of innovative projects are new ways to detect leaks and
corrosion in pipelines (robots, remote sensing, smart pipes);
automated warning systems to prevent third party intrusion on
pipeline right-of-ways; and methods to retrofit pipeline
compressor engines to improve reliability.

B. RoADMAP UPDATE |

Another workshop was held in January 2002 to update the
infrastructure roadmap to address security and assurance of our
nation’s infrastructure given its high priority position in homeland
security following the events of 9/11/2001. R&D innovations and
interdependencies, modeling and integration issues were also
addressed. A Roadmap Update report was prepared and is
available on the SCNG website. The key aspects of
infrastructure security and energy assurance fall within the six
areas outlined below.

+ The current configuration of the natural gas infrastructure is
difficult to protect against physical attacks. The network of
pipes, compressor stations, valves, controls, and related
utilities is large, diffuse, and remote. While much of the
infrastructure is naturally protected because it is located
underground, there are plenty of exposed above-ground pipes
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that are unprotected. Compressor stations are often remote
and hard to access, making it difficult to respond quickly to
problems.

+ Automated control systems are vulnerable to cyber attack.
The supervisory control and data acquisition (SCADA)
systems that control pipeline and compressor operations do
not operate securely. There is no hardened, secure
communication technology used by the industry that would
prevent cyber intrusion. Furthermore, there is no industry
standard for secure information and communication protocols,
making it difficult for the industry to proceed with a common
approach for secure SCADA systems. The protocol for one
equipment manufacturer may differ from its competitors.

+ Potential threats and vulnerabilities of the natural gas
infrastructure are not well understood. The industry does not
have a good grasp of the critical nodes and vulnerabilities of
the natural gas delivery system because there have been few
threat and vulnerability assessments performed, particularly at
a regional and national level. In addition, it is not clear what
security and classification of information is appropriate for this
information.

+ The industry has limited ability to detect intrusion and damage
from outside forces. There are few technologies available to
warn of third-party intrusion, whether it is unintentional
(digging near a line) or unintentional (planned terrorism).
When intrusion does occur, there is no real-time damage
detection that alerts controllers of the event, its location, and
severity. Moreover, the lack of an active system to prevent
intrusion means that companies can only respond once
damage has already occurred.

+ The industry has limited tools to evaluate, inspect, and
respond to pipeline problems. Tools for inspecting the interior
and exterior of pipelines are inadequate to determine potential
problems spots or to determine the extent of damage. In
addition, there are no robust tools for evaluating pipeline
integrity. When damage occurs and repair is needed,
companies are unable to excavate quickly without damaging
underground utilities. Companies may also have difficulty
moving gas to areas of greatest need during a major
emergency.

+ New security requirements have created new responsibilities
for funding secure technologies, sharing information,
educating the public, and working with law enforcement

. The .
agencies. Strategic Center

forNarural Gas
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In March 2002 a second solicitation addressed the identified new
priorities and needs.

C. CURRENT PROJECT PORTFOLIO

The current project portfolio at the end of 2003 is shown in
Figure 3 and is presented in detail in Appendix A. A broad
mapping of core areas and issues are as follows: Inspection
Technologies — automation technologies, sensors, robotics;
Remote Sensing — 3" party damage prevention, leak detection,
underground imaging; Materials Development- repair
technologies and tools, smart pipe technology, pipe liners; and
Operational Technologies — compressors, modeling, corrosion.

There are 45 current active projects with 3 Small Business
Innovative Research projects and another 12 completed
projects. The total program value exceeds $29 million, with most
of the funding dedicated to private sector projects. Industry
supported field test are necessary and will begin during the
summer of 2004. Implementation strategy has focused on high
risk, innovative, and leap-frog technologies.

D. MOoVING FORWARD

The future of the nation's natural gas delivery system depends
on vision, planning and determination. The SCNG will provide
the leadership to bring together government, industry, academia
and the nation's R&D community to provide the technological
foundation to ensure the integrity, operational reliability, safety
and security of the nation’s natural gas infrastructure. Through
stakeholder workshops, the SCNG has repeatedly and timely
elicited program feedback and direction to guide this leadership.
In fact, industry has recommended an increase of their
participation in these workshops.

The federal government has a unique role in facilitating energy
development while simultaneously protecting the environment
and conserving our nation's natural resources. Energy
development initiatives will be successful only if they adequately
address their impact on natural resource values. As energy
needs grow, additional innovations will be necessary to continue
improving environmental conditions and to meet new
environmental challenges. Operational innovations can be
employed to protect the environment. The gas industry will use
new techniques like "smart" pipes, remote sensing and novel
materials to increase the capacity and reliability of existing
pipelines while leaving an ever-decreasing environmental
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Materials Development
[

Inspection Technologies

Remote Sensing
|

PNNL 02
DOE $568K, CS $0K

DOE $150K, CS $50K

Fusion Joint Inspect
Edison Welding '03
DOE $280K CS $93K

Plastics Characterization
NETL'03
In-house Research

Operational Technologies

Airborne Detection
Eastman Kodak ‘03
DOE $500K CS $1680K

Multi-Spectral Scanner
En-Urga Inc '03
DOE $281K CS $352K

Optical Leak Detection

Southwest Science, Inc '03

SBIR

Compressors

Modeling

Corrosion

Retrofit Micro-Pilot
csu ‘o1
DOE $572K, CS $959K

Virtual Test Bed
KSU ‘01
DOE $808K, CS $291K

Microbial Inhibitor
GTI'02
DOE $509K, CS $274K

Flexibility of Turbos
SwRI ‘01
DOE $368K, CS $220K

LNG Dispersion
GTI
DOE $438K, CS $110K

Laser Ignition
NETL ‘01
In-House Research

LNG Education
NARUC
DOE $100K, CS $0K

In-Line Compressor
Dresser-Rand ‘02
DOE $937K, CS $803K

Op. Enhancements
SwRI ‘02
DOE $450K, CS $150K

Completed Projects
I

Remote Sensing

Materials Development

Inspection Technologies

Sub Facilites GPR
Cyterra 01

Internal Repair System
Foster-Miller '02
SBIR Phase 1

IPP Robot Sensors
SNL 01

Doe $476K CS $117K
I

DOE $338K CS $0K
I

Microwave Radar
ANL 01

Thermoplastic Liner
Frontier Polymers '02
SBIR Phase 1

Circumferential MFL
Batelle ‘01
DOE $184K CS $100K

DOE $287K CS $0K
I

MIR Demonstration
LLNL '01
DOE $150K CS $150K

Keyhole Squeeze-off
Timberwolf Corp. '02
SBIR Phase 1

Conformable Array |
SwRI 01

Cap Tomography
GTI
DOE $349K, CS $321K

DOE $66K CS $35K
I

Conformable Array Il
SwRI 01

DOE 143K CS $60K
I

Corrosion Detection
SwRI 01
DOE $27K CS $32K

I
I ] 1 I 1
Automation [ sensors | Robotic Platforms 34 PartyDamage | |  Leak Detection | [Underground Imaging| Repair [ Smart Pipe | | Liners
[ 1 I I | [ 1 [ |
GASNET: Network Pipeline Crawler EMAT InLine Pipe Explorer Det RoW Intrusion Mobile LD Low-cost GPR Large D Cast -Iron Repair Tool for PE Smart Pipe Repair Sleeve
Automatika ‘01 Battelle '03 Tuboscope 01 NYGas—CMU ‘01 Gt 01 0 GSSI 01 GTI ‘01 Timberiine Tool ‘03 INEEL ‘02 GTI'03
DOE $998K, CS $1,054K DOE $920K CS§230K DOE $641K, CS $453K DOE $499K CS $282K DOE $291K, CS $157K EOESIN0ICCSIRING DOE $646K, CS $277K DOE $520K, CS $130K DOE § 650K CS $153K DOE $550K, CS $0K DOE $150K CS $150K
| | | I ' : ' |
3 3 A s Acoustic Detection Act/Pass Imagers i i
Nem: Co?m. Electrochemical Det Nonhgea};IHar{nomc L,\J‘r;%ggablg";mgzs WVU 02 SNL vozg &l Imgﬁa{&e iy Internal Repair Pressure Activated Seal
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Figure 3. Current Project Portfolio
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footprint. Where necessary, new pipelines will be
constructed faster and with less environmental
impact by using new technologies that do not
require trenching in sensitive areas. Air
emissions from pipeline operating activities will
be captured and sequestered rather than
released to the atmosphere. Leaks from natural
gas pipelines will be quickly detected by
technologies such as remote sensing and
repaired before substantial quantities of gas can
escape. Pipeline damage by third party intrusions
on right-of-ways will be prevented by real time
detection methods.

The SCNG is committed to a sustainable energy
future for the United States, and working 2
collaboratively with industry and academia to
assure that preservation of the environment is a e

priority in all of our natural gas initiatives. The futL_Jre of the nation’s natural
Achieving the program vision of developing the gas delivery system depends on
technological foundation for our nation’s future vision, planning, and

natural gas delivery system is a major challenge.  determination.
The program will address the issues of

preserving the efficient and safe performance of the natural gas
transmission and distribution network as it strives to keep pace

with evolving supply, rapidly expanding demand and an aging
infrastructure. SCNG will continue to coordinate the Natural Gas
Delivery Reliability Program with industry and other stakeholders

to identify potential projects and to set priorities with the purpose

of maintaining a strong R&D infrastructure in the United States.

e
7 ‘______}__l—.._ i L"\"-L\ .

4
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APPENDIX A.

PROGRAM OVERVIEW PRESENTATION

Natural Gas Delivery Reliability

Program Overview
Natural Gas Infrastructure
R&D Roadmap Update
February 8 2004

Dr. Roduey J. Anderson
Technology Manager

Dyr. Daniel J. Driscoll
Project Manager

Strategic Center for Natural Gas |

e @

Program History

+« Mid FYOO - Program Initiated - No funding, No
Projects

« October FY01 (2000) - Initial Funding ($4,950K)

September FY01 (2001)- 31 Projects ($17,000,000)
October FY02 (2001) - $7,500K

January FY02 - Technology Status Assessments
March FY02 - Second Solicitation

Continuing FY02 - Broad Based Solicitation

« FY03 - $7,000K - Broad Based Solicitation

« FY04 -$7,000K - Broad Based Solicitation (2/10)

i NETL S
Strategic Center for Natural Gas
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Program Summary

+ 45 current active projects (3 SBIR)

« 12 completed projects

« Total program value > $29 million

» Several projects near hand-off phase

+ Industry supported field tests necessary
« Commercialization path still difficult

e Industry involvement required

i. N=TL —
Strategic Cemter for Natsral Gas

Delivery Reliability Players/Efforts
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Implementation Strategy

« Focus on high risk, innovation, and leap frog
technologies
« Strong industry participation
= —Input to R&D prioities
~Feedback on progmam & project datus
~Collaborations & cost sharing
+ Balanced R&D program
—Digribution, transmisson, & slorage
+ Most funding dedicated to private sector projects
« National laboratory efforts focused on innovation
« Some quick wins to demonstrate progress

@ : Strategic Center for Natural Gas

Technology Road Map for Delivery Reliability

2002

J
i | s e l_' i
B 3 b
st [ >
: 3 — o
T Earty Accaptanca
Round Markot Of New
Robans Eruries Technologies
?{IETI.
Strategic Centar for Natural Gas
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+ Inspection T echnologies
- Rabotic plafarms
= Sensars
- Pigs
— Autornation
Remote Sensing
- 3 party damage
= Undergroundimaging
— Leak datecti on
+ Materials
- Repair
- Smart Fipe
- Liners
« Operational Technologies
- Compressars
- Modding

- Carrasion
1IETI.

Core Areas & Issues

Strategic Center for Natural Gas

[l

Strategic Center for Natural Gas
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related activities.

o

Ins pection Technologies

Develop and integrate innovative sensors to
provide enhanced assessments of the status of
transmission and distribution facilities. These
sensors will be applied in or near the pipe. This
includes sensors to detect corrosion defects,
stress corrosion cracking, plastic pipe defects,
physical damage areas, gas content, gas
contamination, and 3rd party intrusion near gas
line right-of-ways and facilities as well as
development and enhancement of robotic
platforms used for pipeline inspection and other

Strategic Cemter for Natsral Gas

Ins pection Technologies
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Batte lle

« Title:
Innov ative Sersors
for Pipeline Crawlers
to Assess Pipeline
Def ects and Conditiors
+ Description:
The project will design and dev elop Remote Field Eddy Current
Sensors to detect irternal and external pipeline corrosion. The last
phase o the work will attempt to integrate theses sensors with
autonomous robotic platforms
Partners:
PRCI and member companies

e yallw

TL
@ Straregic Cenrer for Natural Gas

Oak Ridge National Laboratory

« Title:
— New Acoustic Wave
Pipe Inspection System

e Description:
—This project will develop
and demonsdrate a new
waveguide pipe flawdetection
technique that hasthe potential to detect pipeline flawsin a
sngle passat speeds of approximately 2 miles perhour,

i N=TL -
Strategic Center for Natural Gas
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Gas Technology Institute

« Title: ISy El
—Remote Field Eddy Cumrent | ! I -
Inspection of Un-Piggable pos
Pipelines

« Description:

—Develop and test an in-ine inspection technique for intemal
and extemal comosion ulilizng eddy current technology.
Eddy current technology could eliminate the coupling
problem associated with other inspection methods.

:i.PETL R ——
Strategic Cemter for Natsral Gas

NYSEARCH/NGA

e Title:

EXPLORER: ALong
Range Untethered

Live Gasline Inspection
Robot System

Description:

- A long-range untethered visual inspection robot prototy pefor use in
distribution pipelines 6 to 8 inches in diameter, capable of
independent movemert and communication of 5,000 - 10,000 fi.

Partners:

- Carnegie Mellon Universty, Keyspan, Central Hudson Gas and
Electric, Consolidded Edison of New Y ork, Niagara Mohawk Power
Corporation, New Y otk State Electric and Gas, Orange and
Rockland Ltilities, Rochester Gas and Electric, NAS

i.ETL R ——
Strategic Cemter for Natsral Gas
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NYSEARCH/NGA

« Title:
Piiglet — A Robotic
Inspection Platform and
Sensors for Assessing
Corrosion and Mechanical
Damage in Un-Piggable
Transmission Mains

« Description:
A Pipeline I nspection Robot to overcome the s hortcomings of
trans mission pigs. Self-powered and self-propelled Capable of
carrying a s uite of NDE sensors, navigating both horizontally and
verticallyin both directions. Negotiate mitered elbows and tees as well
as backto backbends. Passable through partially ported plug valves
Automaticallyadaptable, bya factor oftwo, to changes in pipe

diameter
+« Partners:
~  Foster-Miller, Pll North America, Public Service Electric & Gas
s Company, and Southern California Gas Company
NETL e ——

Strategic Center for Natural Gas

Inspection Technologies

« Automation
-Automatika "“GASNET: Gasline Sensor Network System™
Wireless network of small pipeline sensors to montor the real{ime
operations. D)

-UMR “Pipelines as Networked Communicaion Links™ Strategy
foralong and through pipe realtime conmuncations. D)

~Rowan U "Data Fusion System for the Non-Destructve
Evaluation of Non-Piggable Pipes™ Techniques for handling and
analy zing large quantties of inspection and operaing daa. D &T)

e ,
Strategic Center for Natural Gas
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Ins pection Technologies (continued)

« Sensors

—Battelle " Innovai e Sensors for Pipeline Crawlers to Asses Pipeline
Defects and Conditions™. Eddy current dev elopment and integration of
sensors with robatic platforms. (D & T)

—Sw Rl “Monitoring Technology for Early Detection of Internal Corrosionfor
Pipeline Integrlty” Detect minute changes in pipe wall thickness. © &T)

—ARC “Electrochemical Nose Sensorsfor Detection of Localized and
General Corrosion of Naural Gas Transmission Pipelines”. (T)

—ORNL “New Acoustic Wave Pipe Inspection System™: New wav eguide
pipe flaw detection technique to deted pipelinefiaws. (D& T)

—PNNL “Ultrasonic Measurements of Plastic Strain in Pipelines™
Nondestructive test method to delect and evaluate third party damage in
pipelines. (T)

—EW| “Inspection of Fusion Joinis in Plastic Pipe”: Laser based inspection
of plastic butt fusion joints. (D)

i.ETL i
Strategic Cemter for Natsral Gas

Ins pection Technologies (continued)

« Sensors
“Development of an EMAT In-Line Inspection System for
De!ednn Dicrmination and Grading of Stress Corrosion Cracking”. (T)

— 9 Rl “Developmert of Nonlinear Harmonic Sensorsfor Detection of
Mechanical Damage”: Advanced electromagnetic technology. (T)

—LANL “Natural Gas Energy Meter and Multi-purpose Sensor Swept
frequency acoustic intef eromelry technology. © &)

—GT| “Remote Field Eddy Currert Inspection of Un-Piggable Pipelines”™
Innov ative sensorforintegrly assessmert. O &T)
—Sw Rl “Corformable Array for Mapping Corrosion Prdfiles” Device to

quickly maDpthe corroded surface of a pipe, withou cleaning of the pipe
suface. (D&T)

—~NETL “Critical Sersing and Visualization of Pipeline Systems for
Irfrastructure Prolection™. Capaclance measuremeris of def ects in plastic

pipe. @)

i.ETL =
Strategic Cemter for Natsral Gas
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Inspection Technologies (continued)

+ Robotic Platforms

~NGA-CMU “Design, Construction & Field Demonstration of EXPLORER:
Long Range Untethered Live Gasline Inspection Roba System™
Autonom ous robotic plafom to inspect 4 — 8 inch pipelines. (D)

~NGA-FM “Developmenrt of aninspection Plafom and a Sule of Sersors
for Assessing Corrosion and Mechanical Damage in Un-Piggable
Transmission Mains™. Robotic inspection plaf om for larger diameter
pipelines (24 inch). (T)

i. N=TL —
Strategic Cemter for Natsral Gas

Remote Sensing

Dev elop adv anced technologies to detect and identify 3rd
party intrusion near gas line right-of-ways and facilities,
detect and image metallic and non-metallic underground
facilities, detect and quantify natural gas leaks, and other
pertinent applications. Remote sensing is expected to be
associatedwith very mobile platforms thatcancover
extended regions of the facilities quickly. Next generation
natural gas leak detection and quantification is expected
to focus onvery high altitude (>50,000 feet) applications
to allow improved, cost effective assessment.

i. N=TL e —
Strategic Cemter for Natsral Gas
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Remote Sensing
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Gas Technology Institute

« Title:
— Detecfion of Unauthonzed Congruction Equipmentin
Pipeline Right-of-Ways

« Description:
—Develop and demonsdrate an optical iberintudon detecion

device that will prevent outside force damage by detecing
and alaming when construction equipment isnear a natural

gaspipeline.

E Strategic Center for Naluml Gas

A-11
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« Title:

« Description:

West Virginia University

- Acoustic Detectingand Locating Gas
Pipeline Infringement

— This project will dev elop a system to
detect the unique sound wav e generated
when a pipeline break releases a large
discharge of gas after being damaged by
landslides, excav ations, or other rra
disturbances. The system will be designec :
to monior the background noise inside the -
pipe and pick up any sudden new
frequencies tha might signal a sudden
pipeline rupture.

Strategic Center for Natural Gas

fan.

Physical Science Inc.

Title:
~ Mobile Sensor for Remote
Detection of Natural Gas
Leaks

Description:

— Developmert of mobile gas leak detectortechnology capable of
quantifying and distingushing naural pipeline gas leaks from other
hy drocarbon leaks or ambient methane sources. R8D will focus on
extendingthe performance and applicability of the Remote Methane
Leak Detector (RMLD) developed by PSI.

Partners:
— Heath Consutants

e ——

Strategic Center for Natuml Gas
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Ophir Corporation

+ Title:
= Alrborne, Optical Remad e Sansing
of Methane and Ethane for Maturd
Gas Pipeline LeakDetaction

+ Description:

= This effort builds on Ophir's exsting
Active Gas Carrdation Radometer
(AGCR) technalogy The system,
aperating fromaither an arplanear a
halicopter, will detact and quantify
both methane and ethane,
indzpandant] y

+ Partners:
- WBl Hadngs, Inc
i.PETL
Strategic Cemter for Natsral Gas
Eastman Kodak
« Title
- Testing of an Advanced =

Airborfe N aural Gas Leak
Detection System

+ Description

- The cHe:twe of this project is
taflight test a high-sensitivty,
broad-coverage, naturd gas
lealkdataction systamin an
operationd envronment. The
Kodak system will acc urataly
detect and locate small
concentrat ans of naturd gas
associaed withleals from
trans mission pipalines with
vy high confidence

UM g

i. N=TL
Strategic Cemter for Natsral Gas
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Remote Sensing
« 39 Party Damage

—GT| “Detection of Unauthorized Construction Equipmert in Pipeline
Right-of Ways": Opticalfiber intrusion detection device. (D& T)

- “Acoustic Detecting and Locaing Gas Pipeline Infringement™:

etect unique sound wav es associaed with pipeline anomalies. (D & T)

—3w Rl “Real Time Monitoring of Pipelines for Third Party Damage™
Impressed alermnating cycle currert {ACC) monitoring method for
detecting third-pay contact. (D&T)

—|pitek “Low Cost Distributed Sensing for Gas Pipelines”: Fiber sensors to
monitor pipeline condtion. (D&T)

« Leak Detection

~PS| “Mobile Sensor for the Remde Detection of Natural Gas Leaks™
Includes ethane detection lo distinguish natural gas and extended range
up to 500fed. (D)

—~SNL “Evaluation of Active and Passive Gas Imagers for Transmission
Pipeline Remate Leak Detection™ © &T)

:i. N=TL
Strategic Cemter for Natsral Gas

Remote Sensing (continued)

+ Leak Detection
—LLNL “Remote Sensing Techniquesfor Naural Gas Transmission
Infrastructure Systems Using Hyperspectral and Radar Imaging™. (T)

—QOphir “Airborne Optical Sensing of Methane & Ethanefor Naural Gas
Pipeline Leaks™ Laserbased leak detection. (D& T)

- “Testing of an Advanced Airborne Naural Gas Leak
etection em”. (D&T)

—En'Urga "A Cost Effective Multi-Spectral Scanner for Natural Gas
Deledtion™ Multi-spedral scannerfor natural gas leak delection. (D&T)

—Southw est Science "A Reliable Optical System for Natural Gas
Pipeline Leak Delection™ Use of optical absorption specroscopy with
near-infrared diode lasers. (D&T)

i. N=TL
Strategic Cemter for Natsral Gas
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Remote Sensing
« Underground Imaging

—GT| “Capacitive Tomography for the Locaion of Plastic Pipe™ Low
frequency capacitive tomography delection system. (D)

~GSS| “A Low-Cost GPR Gas Pipe & Leak Delector”: Ground
penetrating radar technology. (D)

—GT| “Differential Soil Impedance Obstacle Detection™ Obstacle-
delection sensor that can be installed in the drill bit of horizontal directional
drilling system. (D& T)

Strategic Cemter for Natsral Gas

Materials Development

Dev elop smart pipe and in-situ repair technologies for
both metal and plastic pipe. Smart pipe technologies
include the ability of the pipe to sense damage or other
threats to its integrity and provide responses that could
range from notification of operators to self+epair, and
other capabilities. Repairtechnologies or tools may be
associatedw ith their own mobile platforms for
implementation orwith robotic platforms developed in for
inspection platforms.

Strategic Cemter for Natsral Gas
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Materials Development
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Gas Technology Institute

. Title:

—Sealing Large Diameter
Cast Iron Pipe Joints
under Live Conditions

+ Description:
—A robotic system capable of sealing multiple cast iren bell
and spigot joints froma single pipe entry point. This
systemwill effect repairs while the pipe remains in service.

+ Partners:

—Maurer Technology Inc.
i.NETI.

Strategic Cemter for Natsral Gas
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Idaho National Engineering and
Environmental Laboratory

« Title:
“Smart Pipe”
Integral Communication,
Damage Detedion and
Multiple Sensor Application
in Pipelines

« Description:
Themally sprayed conductive traces applied in natural gas
transmission and digribution pipelinesthat can be used for
pipeline communications, detedion and location of damage
and as a conduclive pathway for attaching or embedding
sensors for performance monitoring.

TL
ﬁr Straegic Center for Natural Gas

Materials Development

« Repair
—CTl “Sealing Large-Diameter Cast-ron Pipe Joirts Under Live
Conditions™ Tethered robatic system to seal joints. (D)
- HEison-Welding “Internal Repair of Pipelines™ Welding-based
internal repair techniques for use with robotic plafoms. © &T)

—Jimberline “Keyhole Squeeze-off Toolto Enable Repair of Large (4"
to 6") Polyethylene Gas Pipes”: SBIR project. (D)

—Jimberline “Development of a Remate External Repair Tool for
Damaged or Defective PE Pipe”. (D)

—Seal-Tite “Use of Pressure Activated Sealart Technology to Cure
Pipeline Leaks™ (T)

1911
Strategic Center for Natural Gas

Roadmap Update Il — Natural Gas Infrastructure Reliability ~A-17 February 8, 2004



Materials Development (continued)

+« Smart Pipe

—INEEL “Integral Communicaion, Damage Detection and Multiple
Sensor Applicaion in Pipelines™ Thermally sprayed conductive
traces to imbed communication, sensor, and power capabilties into
pipe. (D& T)

e Liners

—GT] *The Development of a Permanent, Mechanical Repair Sleeve

for Plastic Pipe™ External PE pipe repair. (D)

i. N=TL —
Strategic Cemter for Natsral Gas

Operational Technologies

Develop next generation technologies and
methodologies that improve the efficiency,
reliability, and integrity of transmission and
distribution operations. This includes the
development of techniques to prevent corrosion
or other forms of pipe deterioration,
methodologies to optimize system operations to
increase capacities of existing facilities, next
generation compressors as well as substantial
improvements in extant compressors, and other
related activities.

i. N=TL e —
Strategic Cemter for Natsral Gas

Roadmap Update Il — Natural Gas Infrastructure Reliability ~A-18 February 8, 2004



Operational Technologies
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National Energy Technology Laboratory

o Title:
—Laser Spark Ignition
for Redprocating Engines

« Description:

—Effortis targeted to improving the durability and perfomance
of the ignition system for redprocating engines by means of
a Laser Spark Ignition system.

1"5“- R ——
Strategic Center for Natural Gas

Roadmap Update Il — Natural Gas Infrastructure Reliability ~A-19 February 8, 2004



Dresser-Rand Company

« Title:
—IEMDC -Totally Endosed
In-Line Electric Motor Driven
Gas Compressor

Description:

—Development of the world's first gas compressor that can be
installed directiy into the pipeline (possibly underground.) The
unit will utilize a direct coupled, vaiable speed induction
motor with magnetic bearings mounted inside the casing of a
10 MW centrifugal compressor.

Partners:

{: ~Westinghouse Electro-Mechanical Division (EMD)
N=TL

Strategic Cemter for Natsral Gas

Operational Technologies

+ Compressors

~CSU “Improvement to Pipeline Compressor Engine Reliability through
Retroft Micro-Pilat Ignition System”. (T)

—Sw R| “Increased Flexibility of Turbo-Compressors in Natural Gas
Transmission through Direct Surge Control™ Incipient Surge Detector.
(M

—NETL “Laser Ignition System for Reciprocaing Engines”: Improved
engine eficiency, reduced emissions, and reduced operaing costs. (T)

—Dresser-Rand “Enclosed in-Line Electrc Motor Driven Gas
Compressor™ Distributed compressors of this type could increase
pipeline capacly upto 20% and increase security. (T)

—Sw Rl " Technologies to Enhance Operation of the Existing Natural

Gas Compressor Irfrastructure™ Incremental peformance
improvemeris could reducefuel costs by 1%. (T)

1.PETI. R ——
Strategic Cemter for Natsral Gas
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Operational Technologies (continued)

« Compressors
—Sw Rl “Advanced Compressor Engine Cortrols to Enhance Operation,
Reliability and Integrlty > NOx emissions cortrol on a two-stroke
integral gas compressor engine. (T)
« Modeling

~KSU *irtual Pipeline System Testbed o Optimize the U.S. Naural
Gas Transmission Pipeline”: Compuer model. (T)

« Corrosion

—GT| “Development of an Environmertally Benign Microbial Inhibior to
Control Internal Pipeline Corrosion™ Naural chemical compounds. D

&

fen -
Strategic Cemter for Natsral Gas
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Accomplishments

= 26 completed projects
Delivery Reliability: 12 projects in 3 years
~Storage: 14 completed projects in 9 years
« § technologies near hand-off status
- Cyterra underground imaging
Pipe explarer
- SwRI conformable array
- Bishop process
~MDCF salt cavern model
« DOT/OPS collaborations
« Circumferential & axial MFL not sufficient
+ Technology status assessments
= Industry recognition of FE program

NSTL ————
Straregic Center for Natural Gas

FY04 Planned Activities

+ Update Natural Gas Infrastructure Roadmap (February
2004)

+ Broad-based solicitations (February)
—Portfolio gaps and innovation
+ Develop LNG Technology Roadmap (spring)
+ Robotic platform demonstration (winter/spring)
» Inspection/remote sensing field demos (summer)
+ LNG Heat exchanger field tests (spring)
« Continue collaboration with DOT/OPS - joint technical

conference
» No new targeted solicitations scheduled in FY 2004
jan R
Straregic Cemter for Natural Gas
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“Where We Are Going”
FYind

« Will re-evaluate delivery reliability program and Federal role

+ Work with DOT/OPS and NIST to develop MOU and 5-year
R&D plan to comply with Pipeline Safety Act of 2002

« Explore collaborations with Minerals Management Service
= No new targeted solicitations scheduled in FY 2004
= Initiate LNG studies

+ Investigate role in DOE Hydrogen Program and participate in
the development of a DOE Hydrogen Delivery Infrastructure
RE&D plan

1PETI. R ——
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APPENDIX B.

VWORKSHOP PARTICIPANTS

NATURAL GAS INFRASTRUCTURE

R&D ROADMAP UPDATE II
FEBRUARY 8, 2004
PHOENIX, ARIZONA

Rodney Anderson

U.S. Department of Energy, NETL

PO Box 880

Morgantown, WV 26507-0880

Phone: 304-285-4709

Fax: 304-285-4403

Email: Rodney.Anderson@netl.doe.gov

Rick Baker

U.S. Department of Energy, NETL
PO Box 880

Morgantown, WV 26507-0880
Phone: 304-285-4714/4403

Email: richard.baker@netl.doe.gov

Robert (Bob) L. Bass
Southwest Research Institute
P.O. Drawer 28610

San Antonio, TX 78228-0510
Phone: 210-522-2326

Fax: 210-681-9661

Email: robert.bass@swri.org

Richard Benson

Los Alamos National Laboratory
P.O. Box 1663

Los Alamos, NM 87545

Phone: 505-665-3847

Fax: 505-665-2342

Email: rbenson@lanl.gov

Rick Blake

Lawrence Livermore Laboratory
7000 East Avenue

Livermore, CA 94550

Phone: 925-422-9910

Fax: 925-422-5764

Email: blake@lInl.gov

Paul Brooks

Pacific Gas & Electric Company
3400 Crow Canyon Road

San Ramon, CA 94583

Phone: 925-866-5561

Fax: 925-866-3188

Email: pcb5@pge.com

Bruce Campbell

Gas Technology Institute

1700 South Mount Prospect
DesPlaines, IL 60018

Phone: 847-768-0735

Fax: 847-768-0569

Email:
bruce.campbell@gastechnology.com

Sam L. Clowney

El Paso Pipeline Group

9 Greenway Plaza

Houston, TX 77046

Phone: 832-676-4424

Fax: 832-676-1758

Email: sam.clowney@elpaso.com

Jeff Colwell

Battelle

505 King Avenue
Columbus, OH 43201
Phone: 614-424-4528

Fax: 614-458-4528

Email: colwell@battelle.org

Gene Crawford

Memphis Light Gas & Water Division
220 S. Main

P.O. Box 430

Memphis, TN 38103-3917

Phone: 901-320-1420

Fax: 901-320-1586

Email: gcrawford@migw.org
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John DeVenz

Enbridge Gas Distribution

P.O. B ox 650

Scarborough Ontario M1K 5E3
Canada

Phone: 416-495-6339

Fax: 416-495-6163

Email: john.devenz@enbridge.com

Daniel J. Driscoll

U.S. Department of Energy, NETL
PO Box 880

Morgantown, WV 26507-0880
Phone: 304-285-4717

Fax: 304-285-4403

Email: daniel.driscoll@netl.doe.gov

Jack Eisenhauer

Energetics, Inc.

7164 Columbia Gateway Drive
Columbia, MD 21046

Phone: 410-953-6246

Fax: 410-290-0377

Email: jeisenhauer@energetics.com

Christopher J. Freitas

U.S. Department of Energy

Office of Fossil Energy

1000 Independence Ave. SW

Room 3E-028, FE-32

Washington, DC 20585

Phone: 202-586-1657

Fax: 202-586-6221

Email: christopher.freitas@hg.doe.gov

Glyn Hazelden

Gas Technology Institute

1700 South Mount Prospect

Des Plaines, IL 60018

Phone: 847-768-0870

Fax: 847-768-0569

Email: glyn.hazelden@gastechnology.org

Mike Hightower

Sandia National Laboratories
P.O. Box 5800, MS0755
Albuquerque, NM 87185
Phone: 505-844-5499

Fax: 505-844-0968

Email: mmhight@sandia.gov

Winston A. Johnson, I

El Paso Pipeline Group

9 Greenway Plaza

Houston, TX 77046

Phone: 832-676-7263

Fax: 832-676-1706

Email: winston.a.johnson@elpaso.com

Karl R. Lang

SAIC

12726 Oak Farms Drive
Oak Hill, VA 20171
Phone: 703-676-6547
Email: langkar@saic.com

Marti Marek

Southwest Gas Corporation
P.O. Box 98510

Las Vegas, NV 89193-8510
Phone: 702-364-3262

Fax: 702-876-4238

Email: marti.marek@swgas.com

Frank McRae

City of Mesa

P.O. Box 1466

Mesa, AZ 85215-1466

Phone: 480-644-2273

Fax: 480-644-2426

Email: frank.mcrae@cityofmesa.org

James Merritt

DOT/RSPA/OPS

793 Country Briar Lane

Denver, CO 80129

Phone: 303-683-3117

Email: james.merritt@rspa.dot.gov

Graham Midgley

Heath Consultants, Inc.

9030 Monroe Road

Houston, TX 77061

Phone: 713-844-1301

Fax: 713-844-1309

Email: g.midgley@heathus.com

Jeff Moore

Dresser-Rand Co.

Paul Clark Drive

Olean, NY 14760

Phone: 716-375-3098

Fax: 716-375-3178

Email: jeff_moore@dresser-rand.com

Kevin M. Moore

Energetics - NETL

2414 Cranberry Square
Morgantown, MD 26508

Phone: 304-594-1450

Fax: 304-594-1485

Email: kevin.moore@en.netl.doe.gov
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John D. Mowery

Ariel Corporation

35 Blackjack Road

Mount Vernon, OH 43050
Phone: 740-397-0311 x370
Fax: 740-397-3856

Email: jmowery@arielcorp.com

J. Bruce Nestleroth

Battelle

505 King Avenue
Columbus, OH 43201
Phone: 614-424-3181

Fax: 614-458-3181

Email: nestlero@battelle.org

Gerald Paulus

City of Mesa

P.O. Box 1466

Mesa, AZ 85215-1466

Phone: 480-644-2872

Fax: 480-644-3336

Email: gerald.paulus@cityofmesa.org

George Ragula

Public Service Electric & Gas. Co.
80 Park Plaza, T14

Newark, NJ 07102-4194

Phone: 973-430-8561

Fax: 973-430-7826

Email: george.ragula@pseg.com

Patricia Squires

Enbridge Gas Distribution

P.O. Box 650

Scarborough, Ontario, M1S-3N1
Canada

Phone: 416-753-6284

Email: patricia.squires@enbridge.com

Eric E. Thomas

Southern Natural Gas Co.

P. O. Box 2563

Birmingham, AL 35202

Phone: 205-325-7632

Fax: 205-325-3865

Email: eric.thomas@elpaso.com

Robert Torbin

Foster-Miller, Inc.

350 Second Avenue

Waltham, MA 02451

Phone: 781-684-4369

Fax: 781-890-3489

Email; btorbin@foster-miller.com

Vic Viteri

Clean Energy Systems

11330 Sunco Drive, Suite A

Rancho Cordova, CA 95742

Phone: 916-379-9143

Fax: 916-379-9143

Email: fviteri@cleanenergysystems.com

George Vradis

Northeast Gas Association
1515 Broadway, 43rd Floor
New York, NY 10036
Phone: 212-354-4790 x217
Fax: 212-764-7014

Email: gvradis@aol.com

Jay Willer

Gas Technology Institue

1225 Eye Street, NW, Suite 350
Washington, DC 20005

Phone: 202-824-6641

Email: jay.willer@gastechnology.org

Ted A. Williams

American Gas Association

400 North Capitol St. NW, Suite 400
Washington, DC 20001

Phone: 202-824-7313

Fax: 202-824-9123

Email: twiliams@aga.org

Jeff Wright

Federal Energy Regulatory Commission
888 1st Street, NE PJ-1.2

Washington, DC 20426

Phone: 202-502-8617

Fax: 202-219-0205

Email: jeff.wright@ferc.gov
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N=TL

National Energy
Technology Laboratory

626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA 15236-0940

3610 Collins Ferry Road
P.O. Box 880
Morgantown, WV 26507-0880

Williams Center Tower 1
1 West Third Street, Suite 1400
Tulsa, OK 74103-3519

P.O. Box 750172
539 Duckering Bldg./UAF Campus
Fairbanks, AK 99775-0172

Rodney Anderson

Gas Delivery Reliability Technology Manager
304-285-4709

rodney.anderson@netl.doe.gov

Daniel J. Driscoll

Project Manager
304-285-4717
daniel.driscoll@netl.doe.gov

Richard C. Baker

Project Manager
304-285-4714
richard.baker@netl.doe.gov

Customer Service 1-800-553-7681
Visit our website at www.netl.doe.gov

U.S. Department of Energy
Office of Fossil Energy

July 2004






